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ABSTRACT 



An apparatus and method for providing tracking and focus 
error signals for controlling an application of a radiation 
beam to a data track of an optical storage medium. A data 
signal, indicative of the data stored on the storage medium, 
may also be provided. One apparatus in accordance with the 
present invention includes an optical source to generate a 
radiation beam; a transparent substrate arranged between the 
optical source and an optical storage medium; and a grating 
beam splitter formed on a surface of the substrate and having 
first, second, third and fourth grating elements for separating 
a reuini\beam reflected and diffracted from the data track 
into first,\econd, third and fourth portions, respectively. In 
other embodiments, more or less than four grating elements 
and return beam portions could be used. The portions of the 
return beam are directed onto a detector array. The first and 
second grating elements separate the return beam along a 
plane substantially parallel to a reference plane defined by 
an optical axis of the radiation beam and a tangent to the data 
track, and the resulting first and second portions may be used 
to generate a tracking error signal. The third and fourth 
grating elements, arranged on opposite sides of and adjacent 
to the first and second grating elements, separate the return 
beam along a plane substantially perpendicular to the ref- 
erence plane, and the resulting third and fourth portions may 
be used to generate a focus error signal. The optical source, 
transparent substrate, grating beam splitter and detector 
array ' are part of an LDGU contained within a single 
package. 

22 Claims, 3 Drawing Sheets 
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READ/WRTTE LASERDETECTOR-GRATING 

UNIT (LDGU) WITH AN 
ORTHOGONALLY-ARRANGED FtK:US AND 
TRACKING SENSOR SYSTEM 

5 

CROSS-REFERENCE TO RELATED 
APPUCATIONS 

The present invention is related to the fonowing U.S. 
patent apidications: **Apparatus and Method for a Dual 
Half- Aperture Focus Sensor Sy^em," Ser. No. 07/998,179, 
now U^. Pat No. 5,406^1; ''Apparatus and Method for 
Laser Noise Cancellation in an Optical Storage System 
Usiiig a From Facet Monitor Signal," Ser. No. 07/961,965, 
now U.S. No. 5363,363; *^ingle Return Path Orthogo- 
nally- Arranged Optica! Focus and lYaddng Sensor System,** 
Sen No. 08/259,655; and **MuIti-element Grating Beam 
Splitter a Reflection Grating Element For Use in Fnmt 
Facet Subtraction,** Ser. No. 08/259,587, all assigned to the 
assignee of the present invention. The disclosures of these ^ 
related Applications 3ic incoarporated herein by reference. 

FIELD OFTHE INVENnON 

The present invention relates genially to optical read/ 
write heads used in optical information storage and retrieval ^ 
systems. More partioilady, the present invention relates to 
optical . heack which fnrhwte a laser-detector-grating unit 
(LDGU) and use a focus and traddiig sensor system to 
control the position of a radiation beam relative to an optical 
storage mcdiimt 30 

DESCRIPTION OF THE PRIOR ART 

In many (^tical information borage and retrieval systems, 
a radiation beam from an optical source is reflected and 35 
diffiracted from a data track on an optical storage mwtiurn. 
The beam returning from the storage medium may be 
directed to a detector array that provides signals used to 
generate, for example, a fooxs error agnal (FES), a trackii^ 
crm si^oal (TES) and a data signal. The FES and TES 40 
generally drive servo systems for maintaining the radiation 
beam itk-focus and on-track, respectively, relative to the 
borage medium The data signal is indicative of the data 
stored on the data track scanned by the radiation beam. The 
portion of tte optical system wfaicb generates and processes 45 
tte radiation beam is generally referred to as an optical head. 

The stability of an optical head is usually inqrroved by 
decieasmg the distarrre between certain critical components, 
such as an optical source, beam s plitt e r and detector array. 
In ad^tion, the cost and complexity of the optical head is SO 
reduced if these c omp o n e nt s are integrated into a single 
package^. A known techrriqiTe for accomplishing these objec- 
tives involves comibining conqxments such as an c^cal 
source, a grating beam flitter and a detector array into an 
integrated padcage generally referred to as a laser-detector- ss 
grating utrit (LDGU). LDGUs are also known as laser/ 
detector optical heads and hologram laser units. Optical 
systems \^idi incorporate an LDGU or a similar device will 
b& refierred to herein as LDGU-based systems. A number of 
exen^Hary LDGU-based systems are described in W.Ophey, 60 
"Conqjact Optical light P^ths.** Jpn. J. Appl. Phys., \fol. 32, 
Part 1, No. IIB, pp. 5252^5257, November 1993. Other 
LDGU-based systems are described in, for example, U.S. 
Fat Nos. 5,050^153 and 4,945,529. An exemplary optical 
head in accordance with U.S.P&L No. 4,945429 includes a 65 
difi&action grating with four grating regions. The four grat- 
ing regions direct portions of a reflected and diffiracted 



radiation beam to a detector assembly in order to generate an 
FES, a TES and a data signaL 

The above-noted LDGU-based systems suffer from a 
immber of drawbacks. For example, the optical source is 
generally not sufficiently isolated from the return beam, 
resulting in increased optical source noise. The oiAical 
source noise may result from phenomena such as longitu- 
dinal niode-hopi:di!g. Fjristrng LEKjUs also typically have an 
inherently low tfaroi^liput efficiency, due in part to the fact 
that the radiation beam is generally not circularized. A 
circularized radiation beam is rotationally symmetrical 
about its optical axis. Throughput efficiency may be defined 
in tenns of a percentage of opdcal source ra^atioo whids is 
transferred to the surface of the optical storage medium. 
Currently avaDable LDGUs used for reading optical disks 
have throughput effideccies on the order of only about 10%, 
with a considerable amocm of the optical source ou^mt lost 
in the grating beam splitter and in tnmcatfng the non- 
circularized radiation beam. Although LDGUs are now 
commonly used for read-only ^)fdications sudi as oompacx 
disk (CD) pliers, the prot^ems of source noise and low 
througi^mt efficiency have limited the usefulness of LDGUs 
in higher power applications sudi as optical recording. 

In addition, some LDGU designs exhibit excessive optical 
cross-talk between trackmg and focus signals. The optical 
cross-talk originates from, for exanqde, diffiracted radiation 
components and optical wavefront aberrations in the return 
beam. The presence of optical cross-talk may limit the 
effectiveness of LDGUs in certain optical systems, particu- 
larly those systems which utilize high performance focus 
and tracking servomechanisms. Although the above-cited 
U.S. patent application Set No. 07/998,179 reduces the 
effect of cross-talk in optical heads by implementing an 
orthogonality condition between the focus and tracking 
sensors, it does so by tising separate optical paths for 
generating the focus and tracking sgnals. The need for 
additional components to create and process separate optical 
paths adversely affects the cost and complexity of the optical 
head. 

As is q>parent from the above, a need exists for an LDGU 
with increased throughput efficiency and less sensitivity to 
optical source noise, which is well-suited for use in optical 
recording applications, aixl winds exhibits reduced optical 
(TOSS-talk without requiring additional cortical components. 

SUMMARY OF THE INVENTION 

The present invention provides an apparatus and method 
for generating focus and tracking enor signals in an of^cal 
head. In accordance with one aspect of the present invention, 
an apparatus is provided which irxhufes an optical source to 
generate a radiation beam; a tran^xarent substrate arranged 
between the optical source and an optical storage medium; 
and a grating beam splitter formed on a surface of the 
Kibstrate and having first, second, third and fourth grating 
elements to separate a r^um beam reflected and ffiffVartpH 
from a data track on a storage mediimi into first, second, 
third and fourth p ortions, respectively. In mher embodi- 
ments, the grating beam splitter could include more or less 
than four elements, aiid inore or less than four portions of the 
return beam could be used. The portions of the return beam 
may be directed to a detector arr^. The first and second 
grating elements separate the return beam alcmg at least one 
plane substantially parallel to a r ef aeuce {tee defined by 
an optica] axis of the radi^ion beam and a tangent to the data 
track. The resulting first and second portions are detected in 
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first and second detectors, respectively, and may be used to 
generate a tracking error signal. Hie third axu) fourth grating 
elements, airan^d at^'acent to and on c^iposite sides of the 
first and second grating elements, separate the return beam 
along planes substantially perpendicular lo the reference s 
plane. Hie resulting third and fourth porticms are detected in 
a third d^ector and a fourth detector, req;>ectively, and may 
be used to generate a focus error signal. The apparatus may 
also be used to generate a data signal indicative of the data 
stored on the optical mediitm The optical source, transpar- lo 
em substrate, grating beam splitter and detector array may be 
part of an LDGU cxmtained within a single padu^e. 

In accordance with another aspect of the present inven- 
tion, a method for providing focus and tracking error signals 
for controlling an application of a radiation beam to a data i^ 
track of an optical storage meditnn is provided. The method 
includes the steps of generating the radiation beam in an 
optical source; passing the radiation beam through a trans- 
parent substrate having a mnlti-eleinent grating beam splitter 
formed thereon; applying the radiation beam to a data track ^ 
of the optical molium; applying a return beam, resulting 
fifom appHicaiioa of the radiation beam to the medium, to the 
grating beam ^Htter; sqparating the return beam into a first 
portion, a second portion, a third portion and a fourth 
portion, the first and the second portions separated along at ^5 
least one plane substantially p^allel to a reference plane 
defined by an optical axis of the radiation beam and a 
tangent to the data track, and the third and fourth portions 
separated along planes substantially perpendicular to the 
reference plane; and detecting the various portions of the ^ 
return beam in a detector array such that the focus and 
tracking etror signals may be generated there&onL 

In accordance with another aspect of the mvention, the 
effect of optical source noise is reduced by using a detector, 
referred to herein as a front facet detector, to detect a portion 
of the radiation beam difi&acted by the grating beam splitter. 
The resulting from facet detector signal may be coxnbined 
with signals from the detector array to control for optical 
source lunse resulting firom, for examine, longitudinal mode- 
hopping. 

In accordance with another aspect of the invention, a lens 
may be arranged between the optical source and the grating 
beam splitter to ctrculaiize the radiation beam and ther^y 
improve throughput efficiency. 

The present tnventioa provides an LDGU-based optical 
system capable of generating focus error, tracking error and 
data signals with reduced f^tical source noise ami improved 
throughput efficiency, and with reduced cross-talk. The 
present invention generates these signals using a limited 50 
number of optical components, and therefore without sig- 
nificantly incrcasti^ the cost and complexity of the optical 
system. An LDGU in accordance with the present invention 
may be used to both read from and write to an optical 
recording medium. 55 

Further features of the invention, its nature and various 
advantages will become more apparent from the accompa- 
nying drawings and the following drtailed description of the 
invention. 

60 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side-sectional view of an (^cal syslem which 
includes an exenqilary LDGU in accordance with the 
present invention. ^ 

FIG. 2 is a view of the exemplary LDGU of FIG. 1 taken 
along the section line 2 — X 
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FIG. 3 is a detafled view of an exen^xlary blazed grating 
beam splitter in accordance with the present invention. 

BG. 4 is a drtailed view of an exemplary detector array 
in accordance with the present invention. 

FIG. 5 is a side-section view of an optical system which 
includes an alternative embodiment of an exem]Hary LDGU 
in accordance with the present invention. 

FIG. 6 is a view of the exemplary LDGU of HG. 5 taken 
along the section line 6 — (. 

FIG. 7 is a side-sectional view of an optical system which 
includes another alternative enibodiment of an exemplary 
LDGU in accordance with the present inventioa 

FIG. 8 is a detailed view of an exemplary blazed grating 
beam splitter suitable fen- use m the LDGU of FIG. 7. 

DET AILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows an exemplary optical system 20 in accor- 
dance with the presem invention. The components of system 
20 which process, direct and detect the return beam to 
provide the FES and TES, and in some cases a data signal, 
may be collectively referred to as a focus and tracking sensor 
system. The system 20 may also include additional optical 
components, sudi as reflectors, lenses, beam splitters, quar- 
ter-wave plates, and gratings, for directing the incident and 
return radiation beams in directions other than those -shown. 
Furthermore, although the present invention is particularly 
well-suited for use in optical readAvrite heads, it may also 
provide advantages in other optical q>plications, including, 
for example, position sensors. 

The system 20 tndudes an LDGU 30 winch may be used 
in an optical readAwrite head to both read from and write to 
optical storage media such as recordable CDs. The LDGU 
30 combines several optical components into a single pack- 
age. The LDGU 30 includes a package housing 32, a 
transparent substrate 34 and a package base 36. The trans- 
parent substrate 34 may be glass, plastic, or other transparent 
material. Although the package ^wn is a can type package, 
the various components of LDGU 30 may be enclosed in 
other types of packages as required for a given ^Tplication. 
A rmmber of contact pins 38 protrude from the package base 
36 for connecting the LDGU 30 to external electronic 
circuitry (not ^wn). The LDGU 30 also includes an optical 
source 40 whtcfa is typically a laser diode. Alteroadvely, the 
optical source 40 may be a compact laser. The optical source 
40 generates a radiation beam which is incident on a grating 
beam splitter 42 formed on an irmer surface of the trans^ 
parent substrate 34. The grating beam flitter 42 is prefer- 
ably a blazed grating beam splitter. 

The transparent substrate 34 is arranged between the 
optical source 40 and an optical storage medium such that 
the radiation beam passes through the substrate- A zeroth 
order diffiraction component of the radiation beam passes 
undeflected through die transparent substrate 34 and the 
grating beam splitter 42 formed thereon and is collimated by 
coUimating lens 44. The radiation beam is then focused by 
an objective lens 52 onto an optical storage medium 56, 
whtcfa may be, for example, a reaiirdable CD. Only aportion 
of the optical storage mediinn 56 is shown in FIG. 1. The 
radiation beam is used to store and retrieve information from 
the optical storage medium 56, and typically has a linear 
polarization. Alternatively, the inddcnt radiation beam 
could have other polarizations. For example, a quarter-wave 
plate (not shown) may be arranged between coHimating lens 
44 and objective lens 52 to provide a circular polarization to 
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the radiaticHi beam. In other ftmbortintPTTTs, the rnririent 
radiation beam could be mipdarizedL 

Any of a number of well-known tedmiques ma> be used 
to fonn the blazed grating beam splitter 42 on the transparent 
substrate 34. For example, ap pi upii atc grating patterns could 5 
be photolithographically fanned in a layer of photoresist on 
a surface of sub^rate 34, an ion milling beam could be used 
to mill the grating patterns onto the aibstrate 34, or the 
grating patterns could be formed usmg molded dear epoxy 
or resins. In adtfittoo, the grating beam splitter could be ]o 
fcrnned using holog^hic techniques, in winch, for 
example, two or more laser beams are used to create an 
interference pattern m a thm layer of photoresist These and 
other grating formation techniques arc well-known in the art 
and will not be further described hereio. Furthermore, 
although the grating beam splitter 42 is shown in LDGU 30 
on an inner surface of transparent substrate 34, it could also 
be formed on an outer surf^ of the substrate, or partially 
formed on both inner and outer surfaces of the substrate. It 
may be preferable in many applications, however, to form 
the grating beam S{ditter 42 on an inner surface in order to 
protect it from contaminants. 

In another embodiment of the present invention, the 
transparent substrate could be, for example, a thin film on 
which a grating beam splitter is formed. The thin film could ^5 
be moimted in an aperture (not shown) in LDGU 30 such 
that the incident radiation beam and return beam pass 
through the thin film transparent substrate and the grating 
beam splitter. In these and other embodiments, the gratii^ 
beam splitter may alternatively be formed within the trans- ^ 
parent substrate, rather than on an inner or outer surface 
thereof. The term "transparent substrale" is defined herein as 
any transparent material, including glass, {dastic or film, 
which may be tised to support a grating beam splitter formed 
therein or thereon. 3^ 

The optical storage medium 56 includes a surface 56A 
having a immber of data tracks formed thereon. Eadi data 
track 56B is shown in cross-section and generally extends in 
a direction perpendicular to the plane of the drawing. The 
data track 56B is a type of diffraction compoiient-generatiiig 40 
structure. The structure diffracts the inddent radiation beam 
because the depth of the structure is generally a firaction of 
the wavdength of the incident radiation beam and intro- 
duces fAiasc differences in the return beam. Although the 
data trade 56B is shown as a raised structure in the exem- 45 
plaxy system 20 of FIG. 1, a data track m accordance with 
the present invention may also be, for example, a groove in 
the storage medinm, a region between two grooves in the 
storage tnediiim, a series of unconnected raised regions, or 
other optical path structures of appropii ate dimension and 50 
refractive index such that (fiffraction patterns are created in 
response to an incident radiatsoo beam. 

It should be noted that although the data trades are 
generaUy arraiigBd in a spiral configuration on an opdcsl 
storage medium sudi as a recordable CD, a given pc^on of 5S 
the data track 56B around a point cuirently illuminated by 
the incident radiation beam will exhibit little curvature and 
therefore sudi a portion may be considered substantially 
straight A projection of axdi a portion of data track 56B on 
Ifae grating beam splitter 42 win generaUy lie in a plane 60 
separatiiig part of the giating beam flitter 42 into first and 
second grating dements. A dashed line 58 is drawn in FIG. 
1 between a currently illuminated data track 56B and the 
center of the grating beam siditter42. The line 58 rqxresents 
an opti^ axis of the incident ra&atioo beam and is per- 65 
pemficular to the data track 56B and the projection thereof 
oitto grating beam splitter 42. A reference plane is defined 



herein by the optical axis 58 of the incident radiation beam 
and a tangent to the data track 56B at the point cmrently 
iDuminated by the inddent radiation beam, llie substantially 
straight portion of the data trade 56B may be considered part 
of the tangent to the data trade 56B. The projection of data 
trade 56B onto grating beam splitter 42 also generally lies 
within the refeienoe plane. 

The data track 56B reflects and diffracts the inddent 
radiation beam applied thereto. The reflected and dLOracted 
incident radiation beam will be referred to herein as aretum 
beam. The return beam is then inddent on the grating beam 
splitter 42, wMdi separates the return beam into a number of 
ctifferent portions. These portions are directed towards a 
detector array 68. The detector array 68 detects the various 
portions of the return beam and generates signals whidi, 
when combined in the manner described bdow, provide a 
TES, an FES and a data signal. 

A pcfftion of the inddent radiation beam from optical 
source 40 passmg through the grating beam splitter 42 is 
di&acted by the grating beam splitter 42 toward a reflector 
64. Hie reflector 64 is mounted in and supported by a cap 65. 
Alternatively, the reflector 64 could be incorpcgated into the 
transparent substrate 34 or placed elsewhere in the LDGU 
package. The reflector 64 reflects the diffracted portion of 
the inddent radiation beam bade through the grating beam 
sphtter 42 to a front facet detector 72. The inddent radiation 
beam from optical source 40 is thus separated by grating 
beam ^tter 42 into two radiation beam portions. The first 
radiation beam portion is ^iplied to the data trade 56B of the 
optical storage medium 56. The second radiation beam 
portion, which indudes light diffiracted from grating ele- 
ments A, B, C and D, is reflected by reflector 64 and applied 
to front facet detector 72. The front facet detector is an 
optical detector, such as a photodiode, whidi generates a 
signal iiu£cative of the (^cal power levd of the iiundent 
racfiation beam su{^lied finom source 40. The front facet 
detector signal is used herein to limit the effect of optical 
source noise. An exemplary technique for using the front 
facet detector signal to control optical source noise is 
referred to as front facet subtraction and is described in the 
above-dted U.S. patent application Ser. No. 07/961,965. 
Other noise reducdon tedmiques based on a signal indica- 
tive of optical source power may also be used. 

Front facet subtraction reduces the effect of optical source 
noise in a detected return beam. Many commonly-used 
optical sources have a number of different lasing modes, 
each producing a radiation beam at a slightly different 
wavelength. Part of the return beam reflected finom the 
optical stora^ medium returns to the optical source and may 
produce longitudinal mode-hopping, in which the source 
hops between two or more of its lasing modes. Longitudinal 
mode-hopping generaUy causes intensity noise on the radia- 
tion beam produced by the source. Front facet subtraction 
involves detectir^ a portion of the inddent radiation beam 
before it arrives at the optical borage medium, adjusting its 
amplitude and phase delay, and subtracting it from the 
detected retum beam. The technique is referred to as front 
facet subtraction because the inddent radiation beam, a 
portion of wfaidi is subtracted firom the deteaed retum 
beam, generally exits the front facet of a laser diode optical 
source. Front facet aibtraction may be applied in the present 
invention by, for example, subtracting a signal gener at ed by 
the front facet detector 72 from si^ials generated by the 
detectors in d^ector dmy 68. In one possible embodiment 
of the present invention, a front facet detector signal is 
subtracted from the data signal described bdow. Additional 
detail may be found in the above-died U.S. patent applica- 
tion Sen No. 07/961,965. 
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FIG. 2 shows a view of the LDGU 30 taken along the 
section line 2—2 of FIG. 1. A post 71 holds the optical 
source 40 m place and also serves as a heat sink. The front 
facet d et ector 72 and detector array 68 are suitably arranged 
for receiving pcntions of the incident and return beams, s 
respectively, as desmbed above. The exemplary LDGU 30 
also includes a preamplifier 76 connected to the detector 
airay 68 for aiiqjiilying signals generated in the drtectw 
array 68 and/or the front facet detector 72. The j^mp^jfif^} 
signals from preamplifier 76 are then scq>{died to electronic 
ctrcuitiy (not shown) for c ombin ing the signals to generate 
an FHS, a TES and a data signal in a Tngrmfr to be described 
bdow. Alternatively, certain detector signals, soct as those 
generated by <ktector elements c, c', d and d\ could be 
combined prior to an:q)lificatioa The preanqilifier 76 pref- 
erably includes a separate low-noise amj^fier for 
detect in the detector array 68 and may be inqilemented as, 
for example, an Application-Specific Integrated Circuit 
(ASIC). Exemplary types of preazxqpiifien which may be 
used indude transinqiendance anq^fiers. The placement of 
pieanqdifier 76 within LDGU 30 aQows for short lead lines 
between a given detector and its cmie^xmdtng low-noise 
amplifier, and therefore reduces noise pickup and allows an 
increase in signal bandwidth. The electrical interconnections 
between the low-noise amplifiers in preamplifier 76 and the ^ 
detectors in detector array 68 would be readily apparent to 
one Called in the art and are therefore not shown. In 
alternative end>odiments, the preanqriifier 76 could be elimi- 
nated. 

BG. 3 shows a detailed view, in a plane parallel to the 30 
plane of section 2 — 2, of an exerzq>Iary blazed grating beam 
splitter 42 in accordance with the present invention. The 
exemplary blazed grating beam splitter 42 includes first, 
second, third and fourth grating elements A, B, C and D, 
respectively. In a preferred embodiment of the present 35 
invention, die grating elements A, B, C and D of the grating 
beam splitter 42 are blazed gradngs. Blazed gratings are 
commonly used in optical systems and their operation and 
high efficiency properties are generally weD-knowa In 
alternative embodiments, odier types of gratings could be 40 
used, including, for example, sinusoidal gratings, ruled 
gratings and holographic structures. Each grating element 
includes a grating pattern as shown in FIG. 3. The line 
spadngs, line widths, blaze angles, and other dimensions of 
the grating patterns in each grating rfpm<*nt may vary 45 
depending upon the application, and can be readily deter- 
mined in a weD-known manner. 

The first and second grating elements A and B of HG. 3 
are divided along a line 82 which is parallel to the above- 
described tangent to the data trade 5(^. The line 82 b also SO 
substantially paraUd to a projection 83 of the tangent to the 
data track 56B onto the grating beam splitter 42, and lies in 
the reference plane defined by the optical axis 58 and the 
tangem to the data track 56B. The tMrd and fourth grating 
elements C and D are arranged adjacent to and on opposite ss 
sides of the first and second grating dements A and B. The 
dements C and D are separated from dements A and B by 
lines 84 and 86, re^)ectively, which are perpendicular to the 
data trade 56B or the projection 83 of the data track 56B on 
the grating beam splitter 4Z The gratiiig elements A, B, C 60 
and D separate the return beam into four different portions, 
along planes which contain the lines 82, 84 and 86. The first 
and second grating elements A and B sqiarate the return 
beam along the reference plane defined above. In other 
embodiments, the first and second grating dements could 6S 
separate the return beam along another plane substantially 
p^ld to the reference plane, or along two different planes 
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substantially paraUd to the reference plane. The third and 
fourth gratify dements C and D separate the return beam 
along planes substantially peipencficular to the reference 
plane. In this exemplary emlxxfiment, each of the resulting 
portions of the return beam is focused on a different detector 
in detector array 68. 

FIG. 4 shows the exemplary detector array 68 in greater 
detail. The detector array 68 indudes four d^ectors a, b, c 
and d, d' for detecting the first, second, third and fourth 
portions of the return beam, respectivdy. Hie first, secoizd 
and third detectm are single donem detectors, designated 
in FIG. 4 as detector dejnents a, b and c, re^)ecdvdy. The 
fourth detector is a dual element detector with detector 
elements d and d*. In other embodiments, the third detector 
c may beadual dement detector rather than a single dement 
detector. Each detector dement may be, for example, a 
photodiode, a group of photodiodes, or another type of 
photodetector. Exenq>laiy focus spots 92, 94, 96 and 98 
imticate an area of e^ detector on whidi the first, second, 
third and fourth return beam portions, respectivdy, way be 
focused when the trtH^PT^t radiation beam is on-track and 
in-fbcus relative to the optical stor^ medium. It should be 
emphasized that this particular arrai^ement of detectors is 
exemplary only. For example, the detectors shown may 
indude addidonal detector elemmts or fewer detector ele- 
ments in other embodimerus of the present inventioa In 
addition, each of the defectors need not be part of a single 
detector array. As will be discussed in greater detail below, 
the grating dements and corre^xmding detector dements 
are arranged such that the optical cross-talk between track- 
ing and focus signals is minimized. 

In the exenq)lary embodiment of FIG. 3, the grating 
patters ^wn are suitable for directing the first, second, 
third and fourth separated portions of the return beam onto 
detectors a, b, c and d, d*, respectivdy, of detector array 68. 
The pattern line spadngs in dement C are wider than those 
in D, and m both C and D the pattern lines are substantially 
parallel to line 82. The pattern line spadngs in elements A 
and B are the same, while narrower than those in C and 
wider than those in D. In addition, the pattern lines in A and 
B are slanted at equal but opposite angles rdative to line 82. 

It should also be noted that the arrangement of grating 
elements shown in FIG. 3 is exen^lary only, and altemadve 
embodiments of the present invention may utilize other 
arrangements. For exazxqHe, the various dements of the 
grating beam sfriitter 42 may be separated by lines which 
deviate from die parallel or perpendicular lines shown in 
FIG. 3 by up to about ten percenL The terms ^substantially 
paraUd** and **substantially perpendicular,** as used herein, 
include deviations of at least ten percent from paraUd and 
perpendicular, respecdvdy. Although the amount of optical 
cross-talk may increase as a result of stch deviations, an 
improvement over most current prior art systems, would 
generally stiU be obtained. In'addidon, although a four 
element grating beam splitter may be preferred in many 
applicadons, the grating beam splitter could indude more or 
less than four grating dements. For example, an embodi- 
ment- which does not require a data signal may incUnjf. only 
the three grating dements A, B and C, or A, B and D. In a 
three-dement embodiment, the return beam is separated into 
three portions, along a subset of the planes described above 
in coiijuncdon with RG. 3, and the tldrd portion of the return 
beam is used to generate an FES. The third detector could be 
a dual demem detector c, c*, similar to detector d, d*, suitable 
for use in generating an FES. In a three-deictent embodiment 
which does require a data signal, the dements A and B could 
be modified in aze and dliape to also recdve the portion of 
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the return beam which would otherwise fall on the removed 
element, such that the entire rttrnn beam is sdR incident on 
the detector arr^. The gratix^ beam splitter 42 may also 
inchide additional elements other than the dements shown. 
Oneskilledmtheartcouldreadily modify the embodiments 5 
of FIGS. 1» 3 and 4 to accommodate such additional de- 
ments. 

In general, the return beam indudes a reflected compo- 
nenl, also referred to as a zcroth order diffraction compo- 
nent, and a number of hi^ier order diffraction components ]q 
diffracted by the surface of the optical storage mediura A 
given diffraction order generally iiududes both a positive and 
a tiegative Effraction ccmqxment Although Idgher order 
diffraction components may also be present in the return 
beam, the present invention can be readily understood 
without further consideration of diffracdon components 
greater than first order. When the reflected component . 
overlaps with the first order diffrarted components, interfer- 
ence occurs. This interference may be directed to detectors 
a and b to provide, for example, a pu^pull TES, as wiU be 
described below. The two first order diffraction components 
may be, for example, contiguous with an optical axis of the 
incident radiation beam, axkl therefore both may overlap 
with the reflected component It ^lould be noted, however, 
that the present invention may be utilized in systems in ^ 
which the positive and negative diffiraction components 
overly with each other as well as with the reflected com- 
ponents. Additional detafl regarding diffiacdon oomporsents 
may be found in, for example, the above-cited U.S. patent 
s^iplicadon Sex. No. 07y998,179, and pp. 172-179 of A. 
Marchant, **Optical Recordtng: A Ibdmica) Overview,** 
AddisoD-Wesley, Reading, Mass., wfaidi areinccvporated by 
reference herein. 

A traddng error signal (TES) may be generated from the 
first and second portions of the return beam inddent on the 35 
first and second detectors a and b, respectivdy, of the 
detector array 68. The TES is generated in accordance with 
the relationshq) a-b, whid) indicates that the signal gener- 
ated by detector elemem b is subtracted fnrni the signal 
generated by detector dement a. As a result of passing 40 
through die above-described grating beam splitter 42, the 
first and second portions of the return beam each may 
include a (fifferem diffiaction conqxment of a given diffiac- 
don order, diffracted finom the optical storage medium, as 
well as undiffracted components. The different diffraction 45 
corr^xment may be dther a positive or a negative diffraction 
component It should be understood that, in general, only 
part of any given diffraction component, rather than the 
entire componem, £aDs within the {Arjective lens aperture 
and will therefore be incident on grating beam splitter 42. 50 
References made herein to a pg^fnTly diffractioQ con^io- 
nem arc thus meant to inchide any part of that component 

A focus error signal (FES) may be geiterated from the 
fourth portion of the n^um beam incidem on the fourth 
detector d, d* of the detector array 68. An FES is generated 35 
in accordance with the rdationship d-d*, which indicates 
that the signal generated by detector dement d' is subtracted 
firom the signal generated by detector eiemcm d. As a result 
of passing throi^ the ^ve-described grating beam splitter 
42, the third and fourth port i ons of the return beam indude 60 
both positive and negative diffraction components of a given 
diffraction order, diffracted firom the optical storage medium, 
as well as undiffracted components. Each of the detector 
dements d and d' thus recdve both diffraction components 
of a ^ven diffraction order By szbtracting the signals 65 
resulting from detection of the fourth portion of the return 
beam on detector dements d and tf, the diffiaction compo- 



nents of a given diffraction order substantially caned out, 
therd>y reducing opdcal cross-taDL In other embocfiments, a 
dual element detector c, c* could be used for detector c in 
array 68, with the detector dements c and c' arranged in the 
same manner as deteoor dements d and d* of FIG. 4. Tlie 
third portion of the r^um beam, alone or in combination 
with the fourth portion, could then be used to gena:ate an 
FES. For example, an FES could be generated in accordance 
with the rdation^p c-c\ wtucfa indicates that the signal 
generated by detector demem c* is subtracted from the 
signal generated by detector dement c. Alternatively, an 
FES could be generated in accordaitce with the relationship 
(c-Hi')-(c*-Kl), wfaidi indicates that the sam of the signals 
generated by detector elements c* and d is subtracted from 
the sum of the signals generated by the detector elemoits c 
and d*. In such an embodiment, signals generated by diago- 
nally-arranged detector elemems are sununed, and the 
resulting sums subtracted, to provide tte FES. 

A data signal, indicative of die data stored on data trade 
56B, may also be generated in tire optical sy^em 20. For 
example, a data signal could be generated by combining the 
signals generated by each detector dement in the detector 
array 68, in accordance with the rdationship a-l4Hc-KM\ 
Alternatively, signals from a subset of detector dements 
could be combined to generate a data signal. 

System 20 may also include dectronic circuitry (not 
shown) for combining signals generated by the detector 
elements of detector array 68. The electronic circuitry may 
include adders, subtracters or other types of signal comfam- 
eis for getierating focus error, traddrig error arid data signals 
in accordance with the above-described relationships. Such 
dectronic circuitry is generally well-known in the art and 
will dierefore not be fimher described hereia 

In general, the orientation and location of the detector 
dements a and b are ix»t critical to the operation of the 
present invention, and the arrangement in FIG. 4 or other 
alternative arrangements may be chosen in order to satisfy 
d^ector array packaging constraints or other criteria. The 
position of the founh d^ector dements d and d* may also be 
varied but the division between the pair should generafly be 
aloiig a tine substantially perpendicular to the data track 
56B, or the projection 83 of the data track 56B on the grating 
beam spHtter 4Z This division tine is also substantially 
perperKficular to the above-defined reference plane. 

The grating beam splitter 42 of the presem invention may 
be replaced with other optical devices capable of dividing 
the return beam reflected and diffracted from a data track 
into a rmntber of distinct portions in accordance with the 
above description. Alternatives to the grating beam qititter 
42 indude, for example, holograms. In addition, as men- 
tioned above, the gratirig or other optical device used to 
separate the return beam into its respective portions may 
include more or less than fom dements. The dements could 
be suitably arranged to separate the return beam into por- 
tions wMdi, when detected, generate signals which may be 
combined in accordance with the present invention such that 
t^cal cross-talk is minimized. 

FIG. 5 shows an alteniative embodimem of the presem 
invention in which a lens 100 is arranged between the optical 
source 40 and the grating beam splitter 42 in the path of the 
radiation beam. The lens 100 is aligned and mounted in front 
of the optical source and substantiaUy circularizes the radia- 
tion beam. A radiation beam from an optical source such as 
a laser diode generally h^ an elliptical cross-^ctioxt When 
such a radiation beam is drcularizied, it beccnnes rotationaDy 
syrmnetiic about its optical axis, and exhibits a generally 
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cncular cuoss^section. A cncularized ladiation beam in 
aooordanoe with the present invention need not be perfectly 
circular in cross-sectioiL The leas 100 significanlly 
improves the optical throughput efficiency of the LDGU in 
part because less light must be truncated from the radiation 5 
beam in order to produce a reasonably round focused spot at 
the q}tical medium surface. The lens 100 is preferably an 
anamOTpfaic lens and may be, for example, a model VI^TOO 
refractive lens available from Blue Sky Research, San Jose, 
Calif. Alternatively, the lens 100 may be a di&active lens 
rather than a refractive lens. FIG. 6 shows a view of the 
LDGU 30 of FIG. 5 taken alor^ the section line 6 — 6. A base 
102, or other suitable mechanism, is attached to lens 100 and 
soFqports the lens 100 in front of the optical source 40. A 
bradcet 104 supports base 102. In alternative embodiments, 
the lens 100 could be placed at any of a munber of other 
locations in the path of the incident radiaticm beam. 

In another embodiment of the present invention, the 
transparent substrate 34 arxl grating beam splitter 42 could 
be arranged between the coUinxating lens 44 and the objec- 
tive lens 52. The grating beam ^tter 42 would generally be 20 
located dose to the coitimaTrng lens 44 in such an embodi- 
menL The location and design of the reflector 64 could then 
be suitably modified to reflect the diffracted portions of the 
iizcident radiation beam to the front facet detector 72. This 
alternative embodiment could be used in the systems of 2s 
nOS. 1, 5 and 7. 

In another embodimettt of the present invention, the 
LDGU 30 might also inccHporate all or a portion of the 
optical source driver electronics. The driver electronics may 
include, for example, a high frequeiK^ iiifection (HFI) 30 
circuit and a laser driver, both of whicfa are well-known in 
the art. HFI is described in, for example, E. Gage and S. 
Beckens, "Effects of hi^ frequency iiQection and critical 
feedback on semiconductor laser performance,*' SPIE Pro- 
ceedings, Vbl. 1316, Opdcal Data Storage, pp. 199-204, 35 
Mardi 1990, whicfa is incorporated by reference herern. In 
addition, the LDGU 30 could iixrlude a rear facet detector. 
. The rear facet detector is typically an optical detector, such 
as a photodiode, whidi detects light ractiated out a bade end 
of an optical source, also referred to as a rear facet in the 40 
context of a laser diode optical source. The above-described 
front facet subtraction terhrriqiie could be inq>lemented 
using a rear facet detector in combination with or in place of 
the front facet detector. However, the use of a frcmt facet 
detector is generally psefencd in that light radiated from a 45 
rear facet may not be perfectly correlated in intensity to the 
light radiated from the front facet 

FIG. 7 shows optical system 20 with ancAher alternative 
embodiment of an LDGU in accordance with the present 
invention. In the embocfimcnt shown, reflector 64 and cap 65 so 
are eliminated, and four-dement grating beam ^[^itter 42 is 
replaced with a five-element grating beam splitter 142. FIG. 
8 ^ws a detaOed view, in a pilanc parallel to the plane of 
section 2 — 2^ of grating beam ^Htter 14Z Grating beam 
splitter 142 indudes grating elements A, B, C and D, 55 
arranged as described above in conjunction with PIG. 3. 
Grating beam splitter 142 also irtdudes a fifth gratiiig 
dement E, circular in shape, arranged between gratirig 
dements A, B, C and D. The fifth grating dement E directs 
a pOTtion of the incident radiadcm beam, shown in FIG. 7 as 60 
a beam 157, onto the front £ac^ detector 72. The grating 
dement E is preferably a reflection grating, which can 
generate a number of reflected diffraction orders. The beam 
157 is thus referred to herein as a reflected difiracted beam, 
and is detected in front fiu£t detector 72. The resulting front 65 
facet detector signal may be used, for example, to perform 
front facet subtraction in the manner previously d^oibed. 



The grating dements A, B, C and D of grating beam 
sphtter 142 separate a return beam into first, second, third 
and fourth portions, respectivdy, along planes cotntaining 
lines 82, 84 and 86. Grating element E is also preferably a 
blazed grating, and in the exemplary embodiment shown is 
centered on the optical axis of the radiation beam, on line 82 
adjacent dements A and B and midway between dements C 
and D. In order to direct the beam 157 to the front facet 
detector 72, element £ indudes grating pattern Hnes onented 
substantiaUy parallel to the grating pattern lines of dements 
C and D, but with line ^>acings narrower than those in 
element D. Of course, alternative grating patterns could also 
be used to direct the beam 157. The effidency of the grating 
dement E may be inqiroved by coating it with a reflective 
material, such as gold or aluminum. The grating element E 
could be opaque, such that it generates only reflected dif- 
fraction orders, or it could be partiafly transparent, such that 
it generates both transmitted and reflected diflfracted orders. 

It should be noted that the size, shape and location of 
element E are exemplary only. The size and sh^ of element 
E will generally depend upaa the amount of Hght needed to 
generate the front facet ctetector signal, the efficiency of the 
grating, and the location of the demertt. In addition, the 
element E could be located in any of a number of other 
positions in the grating beam splitter 142, as long as it is able 
to receive and diffract a portion of the inddent radiation 
bearrL Furthermore, the elaneat E may be replaced with two 
or more discrete reflection grating dements, placed in vari- 
ous locations in the grating beam splitter 142. 

The embodiment of FIGS. 7 and 8 may provide advan- 
tages in certain z^lications. In general, optical head align- 
ment is simplified because the beam directed to the frrom 
facet detector 72 inchides light dif&acted frran a single 
grating dement, rather than light diffracted from each of the 
four grating dements A, B, C and D as in the embodimem 
of FIGS. 1 and 3. A single ahgnmenl of the grating beam 
splitter 142 can provide detection of the front facet detector 
signal generated from the incident radiation beam, as well as 
the focus and tracking error signals generated from the 
return beam. Further woie, the reflected diffraction orders 
provided by element E are naturally convergent, and there- 
fore an additional converging means sudi as reflector 64 and 
c^ 65 is not needed. 

Although the foregoing detailed descr^rtion has iQus- 
trated the presem invention i^imarfly in terms of a particular 
optical information storage and retrieval system, it should be 
understood that the embodiments described arc exemplary 
only. Many variations may be made in the arrangements 
shown, including, for exan^le, the type of grating beam 
splitter used to separate the return b^n and the arrange- 
ment, shape and number of grating rfftrtwitg the number of 
portions into which the return beam is separated, the 
arrangement of detectors and detector elements onto which 
the portions of the return beam are focused, and the type and 
arrangement of optical components for directing the indderu 
and return radiation beams in the optical system. These and 
other alternatives and variations will be r^dily qiparent to 
those skilled in the art, and the present invention is therefore 
limited only by the ^ipended daims. 
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What is daimed is: 

1. An apparatus for providiog focus and tradung enor 
signals for controlling an application of a radiation beam 
from an optical source to a data track of an optical storage 30 
medtum, said ?^pp?ratii^ comprising: 

a transparent substrate arranged between said optical 
source and said cqitica) storage medium sudi thai said 
radiation beam passes through said subslrate; 

a grating beam splitter supported by said transparent 
sub^rate, said grating b^m splitter having at least a 
first grating element, a second grating element and a 
third grating element arranged to separate a return 
beam resulting from said application of said radiation 
beam to said data track into at least a first portion, a 
second portion and a ttmd portion, respectively, said 
first and said second gratirig dements se^mrating said 
return beam aloiig a plane substantially parallel to a 
reference plane defined by an optical axis of said 
radiation beam and a tangem to said data track, and said 
third grating element, arranged adjacent to and on one 
side of said first and second grating dements, separat- 
ing said return beam along a plane substantially per- 
pendicular to said lefeitJire plane; 

a detector array to detea said portions of said return beam 
sudi that said focus and tiarking cnor signals may be 
gei^erated therefrom; and 

a source numitor detector adapted to detea a portion of 
said radiation beam to thereby provide an iruiication of 
a power levd of said radiation beam. 

2. The qiparatus of claim 1 wherein said grating beam 
flitter further indudes a fourth grating element, arranged 
adjacent to and on an opposite side of said first and second 
grating dements, to sepsffate a fourth pcmion of said return 
beam along another plaaae substantially perpendicular to said 
reference plane. 

3. The apparatus of claim 2 wherein said detector array 
jnchides a fbrst, a second, a third and a fourth detector, for 
drtfirting said first, said second, said third and said fourth 
portmns of said return beam, rc^jectivdy. 

4. The apparatus of daim 3 ^ntodn said fourth detector 65 
tncludes two detectm- elenwtns divitted along a line substan- 
tially perpendicular to said reference plane. 
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5. The apparatus of daim 3 wherein said fir^ detector 
indudes a detector element a and said second detector 
indudes a detector element b and said traddng error signal 
is generated in accordance with the rdationsfaip a-b. 

6. The apparaus of daim 3 wherein said fourth detector 
indudes detector efemrnts d and d* and said focus error 
signal is generated in accordance with the relationship d-d*. 

7. The apparatus of daim 3 wtectn said first detector 
indudes a detector dement a, said second detector indudes 
a detector dement b, said third detector inrhides a dstecun 
element c, and said fourth detector includes detector ele- 
ments d and (f , and said appar^us further provides a data 
signal indicative of data stored on said data trad^ in accor- 
dance with the rriationship a4b4<>HHif . 

8. The a^yparatus of dahn 1 wherein said cqytical source, 
said transparent arbstrate, said grating beam spJitter and said 
detector array are contairted within a single padc^e. 

9. The q;>paranis of daim 1 wherein a signal generated by 
said source monitor detector is subtracted from a data signal 
indicative of data stored on said data track. 

10. Tlie apparatus of daim 1 further including a pream- 
plifier connected to said detector array to anqilify signals 
therefrom. 

11. The apparatus of daim 1 further including a lens 
arranged between said optical source and said grating beam 
splitter to substantially circularize said radiation beam. 

12. The apparatus of claim 1 further induding: 

a collimatirig lens to coIHmate said radiation beam; and 
an objective lens arranged acgacent to said optical storage 
medium to focus said radiation beam on said yw^ ttm 

13. The appar^us of daim 12 wherein said tran^xarent 
substrate supporting said grating beam spHtter is arranged 
between said coUimating lens and said objective lens such 
that said radiation beam passes through said colKmating 
lens, said substrate and said objective lens. 

14. A method for providirig focus and traddng error 
signals for controlling an ^jplication of a radiation beam 
from an optical source to an optical storage medium, said 
method comprising the steps of: 

passing said radiation beam through a transpareaot sub- 
strate which supports a grating beam splitter; 

separating said radiation beam passing through said grat- 
ing beam splitter into a first and a second portion: 

applying said first portion of said radiation beam to a data 
track of said optical storage medium; 

flying said second portion of said raliation beam to a 
source monitor detector to generate a source monitor 
signal indicative of a power levd of said radiation 
beam; 

applyii^ a return beam resulting fnxn a{^)lication of said 
radiation beam to said medium, to ^id grating beam 
quitter, 

separating said return beam into at least a first portion, a 
seccmd portion and a third portion, respectivdy, said 
first and said second portions separated along a plane 
substantially paralld to a reference plane defined by an 
optical axis of said radiation beam snd a tangent to said 
data track and used to generate said traddng error 
signal, aitd said third portion sepaizied along a plane 
substantially perpendicular to said reference plaxK and 
used to generate said focus error agnal; and 

detectir^ said first pcHticxi, said second portion and said 
third portion of said return beam in a detector array. 

15. Tire m^hod of daim 14 wherein said step of s^ia- 
rating said return beam finther mchrdes separating a fourth 
portion of said return beam along another plane substantially 
perpendicular to said reference plane. 
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16. The method of daim 15 ^Kteein said ^ep of detecting 
said poxtions of said return beam in said detector array 
further inrhwH the ^ep of detecting said first, said second, 
said third and said fourth poxtions in a first, a secoitd, a third 
and a fourth detector of said array, respectively. s 

17. The method of daim 14 further trw^hidrng the step of 
subtracting said source monitor signal from a data signal 

indicative of data stored on said data tradL 

18. The method of daim 14 fixrther iwhirfrng the step of 
passir^ said radiation beam through a lens arranged between 10 
said optical source and said grating beam splitter to sub- 
stantially circularize said radiatxtm bearrL 

19. A laser-dctector-grating unit for providing focus and 
tracking error sgiials for controlling an ai^Hcation of a 
radiation beam to a data track of an optical storage medium, 
comprising: 

a laser diode to generate said radiation beam; 

a transparent substrate arranged between said laser diode 
and said optica] storage mediinn such that said radia- ^ 
tion beam passes through said substrate; 

a lens arranged between said laser diode and said trans- 
parent substrate to substantially drodanze said radia- 
tion beam; 

a grating beam splitter formed on a surface of said 25 
transparent substrate and having at least a first, a 
second, a third and a fourth grating dement to separate 
a return beam resulting &om said ^iplication of said 
radiatton beam to said data track into at least a first 
portion, a second portion, a third portion and a fourth 30 
portion, rcspectivdy, sxtch that said first and second 
gratxiig elements separate said return beam along a 
plane substantially paraUd to a reference plane defined 
by an critical axis of said radiation beam and a tangent 
to said data track, and said first and second portions 35 
may be used to generate said tracking enor signal, and 
sudi that said third and said fourth grating dements 
separate said return beam along a plaxxe substantially 
perpen£cular to said reference plaxte, and at least one 
of said third and said fourth portions may be used to 40 
generate said focus error signal; 

a detector array to detea said portions of said return beam 
such that smd focus and tracking error signals may be 
generated there&om; and 

a front facet detector to detect a portion of said radiation 
beam separated by said grating beam spUtter as said 
radiation beam passes through said transparent sub- 
strate. 

20. An apparatus for controning an application of a 
radiation beam from an optical source to a data track of an ^ 
optical storage nredimn, comprising: 

a tr anspar en t substrate arranged between said optical 
source and said optical storage medium such that said 
radiation beam passes through said substrate; 
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a grating beam splitter supported by said transparent 
substrate, said grating beam splitter bavix^ a phiraiity 
of gradng dements arranged to separate a return beam 
resulting from said sgyplication of said radiation beam 
to said data track into a corresponding plurality of 
portions; 

a detector array to defect said portions of said return beam 
sucb that focus and tracking error signals may be 
generated using de tect ed signals from the array; and 

a preamplifier comtected to said detector arr^ to amfdify 
at least one of the dete ct e d signals therefrom, wherein 
the preamplifier is padcaged with said optical source, 
said transparent substrate, said grating beam splitter 
and said detector array in a laser-detector-grating uniL 

21. An apparatus for controlling an application of a 
radiation beam from an optical source to a data track of an 
optical storage meditmi, comprising: 

a transparem aib^rate arranged between said optical 
source and said optical storage medium such that said 
radiation beam passes through said substrate; 

a grating beam splitter supported by said tran^)arcnt 
substrate, said grating beam splitter having a phuahty 
of grating elements arranged to separate a return beam 
resulting firom said qiplication of said radiation beam 
to said data track into a corresponding plurality of 
portions; 

a detector array to detect said portions of said return beam 
such that focus and tracking error signals may be 
generated using detected signals from the arr^; and 

a lens arranged between said optical source and said 
gratiiig beam splitter to substantially circularize said 
radiation beano. 

22. A method of controlling an application of a radiation 
beam from an optical source to an optical storage mPirfhiTn 
said method comprising the steps of: 

passing said radiation beam through alens to substantially 

circularize said radiation beam; 
passing said radiation beam through a grating beam 

splitter, wherein said lens is arranged between said 

optical source and said gratnig beam flitter; 
applying said radiation beam to a data track of said optical 

storage medium; 
appiying a return beam, resulting from ^iplication of said 

radiation beam to said metfium, to said grating beam 

splitter; and 

separating said r^um beam into a plurality of portions, 
using a corre^xntdix^ phnaUty of dements of said 
grating beam splitter, \iteretn certain of said portions 
are processed to generate a tracking error signal, and 
certain of said portions are processed to giencrate a 
focus error signal 

***** 



